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This invention relates to improvements in mass 
spectrometersï having particular reference to a 
spectrometer especially designed for analyses of 
individual gases which comprise a body of mixed 
gases, whereby fo disclose continuously varia-  
tions in the relative abundance or concentration 
of such individual gases. 
There exists at the present rime a need for a 
continuously recording gas analyzer in the fleld 
of respiratory research, as an adjunct in diag- 10 
nosing various lung disorders. If is, therefore, an 
object of the present invention to provide gas- 
analyzing apparatus for disclosing continuously 
by tracings on a motion picture film or the like 
the comportent gases present in the exhaled 15 
breath, including variations in concentration of 
the individual gases present when a given test is 
being conducted. 
It is anothèr object of the invention to pro- 
vide a mass spectrometer so constructed as to 20 
form an instantaneously and continuously oper- 
ating analyzer for effecting qualitative and quan- 
titative determinations of the individual com- 
ponents present in a body of mixed gases. 
In provlding for the continuous analysis of the 25 
composition of human breath, a primary problem 
has been fo minimize the rime lag of the ap- 
paratus, that is, the interval of rime occurring 
between an actual change in the concentration 
of an individual gas and the notation of such :50 
change on a registering or recording device there- 
for. In a breath analyzer, if is essential fo render 
said rime lag as small as possible, since the aver- 
age human subject exhales and inhales once 
every six seconds. The usual mass spectrometer 3,5 
as heretofore constructed has a rime lag of ap- 
proximately twenty seconds or more in the inter- 
val occurring between the change in gas con- 
centration and recordation of such change. 
It is, therefore, a further object of the present 4o 
invention fo provlde a mass spectrometer in wh/ch 
the element of rime lag is reduced fo a negligible 
degree. 
A further object is to provide an analyzer 
capable of handling simultaneously the three 45 
main comp0nents of the breath, namely, carbon 
dioxide, nitrogen, and oxygen, so that such com- 
ponents may be recorded simultaneously, where- 
by r21anges in concentration of any one of the 50 
three gases can be seen with respect fo the others 
at any given instant while a test is being con- 
ducted. 
For a further understanding of the invention, 
referencels to be had fo the following description ,5 
and the accompanying drawings in wh/ch: 
Fig. 1 is a schematic view of a mass spectrom- 
eter formed in accordance with the present in- 
venon; ...... 
«Mg... 2! an enlarged iongltudinal ectional 0 

2 
vlew taken through the needle valve assembly of 
the apparatus; 
Fig. 3 ls an enlarged detail sectional view of the 
nozzle tip region of the valve on the llne 3--- of 
Fig. 2; 
Fig. 4 is a simflar view taken through the tli 
o the sample-introducing noble. 
Reerring more particularly fo the drawings, 
there bas been disclosed ai ! the needle valve 
assembly of my improved spectrometer. The gas 
sample fo be analyzed is drawn into the valve 
through an open tube indicated at . Thls tube 
is inserted into a body member 4 so that the gas 
sample fo be analyzed is drawn into a longitu 
dinally extending passage  provided in said body 
member. Ai one end, the body member is formed 
with a collar 6 which engages with a gasket 
the latter being arranged between the outer face 
of the collar  and an adjacent face of an ori- 
fice member $. 
The member 8 comprises a circular head plate 
9 which is detachably secured to the upper end 
of a spectrometer tube T. The plate 9 is formed 
with an axial extension 0 which is externally 
threaded ai ifs outer end for the reception of an 
internally threaded sleeve , the latter being 
formed with an inturned flange 2 wh/ch co- 
operates with the collar 
for the purpose of clamping said body member 
t0 the orifice member. 
The extension 
having a tapered outer end , said tip being 
formed with a longitudinally extending axial 
passage § wh/ch communicates with a pair of 
larger longitudinally extending bores 6 provided 
in the extension 10, the bores 16 being in com- 
munication with the interior of the tube T. The 
extreme outer end of the tip, as shown in llg. 4, 
is countersunk as at I fo facllitate gas collec- 
tion therein. The tip I ls spaced from the walls 
of the passage § provided in the body member 4, 
so that the main body of the gas undergoing sam- 
pling or testing may travel through the passage § 
without diversion and final exit tlu'ough a pipe 
line 18 leading to a suction-producing pump, not 
shown. 
Threaded, as at 19, on the outer end of the 
body member 4 is a thimble 20 wh/ch is formed 
axially and longltudlnally witti an internally 
threaded bore 21 for the reception of a needle- 
carrying thumb screw 2. The outer end ofthls 
screw ls headed as at 2 and disposed beyond 
the thimble 0 where it is readily accessible for 
manual adjustment. The screw 2. carries a fine 
needle rod 4 wh/ch extends through an axlal 
passage formed in the screw 2 and is held in 
connection therewith by one or more transverse 
set screws shown at 2§, and wh/ch paes through 
the screw head 33. The rod 34 projects longl- 
tudlnall¥ and axlall¥ beyond 



screw 22, passlng through a rubber seallng disk 
25 whlch ls clamped between the thimble 2{} and 
the adJolnlng end of the body member 4, the 
needle rqd proJecting lnto the passage 5, and 
thence to the small diametered axial passage 5 
formed in the tapered outer end of the nozzle 
tip 13. With this apparatus, it is possible to 
change the rods or needles 24.to_ varytheir diam- 
eters, wlthout breaking the partial: vac.uum which 
exlsts within the apparatus. 
The feathered or countersunk- end ,7 of the 
passage 15, aided by high gas velocites within the: 
passage, serve to minimize back diffusion and to 
give satisfactory linear results. In addition» tha 
rime lag of the instrument by this construction is 
reduced to.!ess than on hundredth. (.0!). part of:a: 
second. The gas samples handled by:.tbe-appar.a: 
tus.are, thus obtained while the subject.is,nor- 
mally breathing through an. ordinary rubb.er 
mouthpiece of the type shown at 27. The breath_ 
Passing through the ourlet passage 28 .of: t_he 
mouthpece is intrOduce d in part into a:hypodçr.- 
re!c. needle 29.inserted through the wall of the 
rubher mçuthpiece, the oçher end of the needle 
being,c.nnected with the tube 2 Thus breathi_ng 
on t!e.part of the. patient is hot restricted, and 
e.xctement is avoided during the makirg of the: 
tst. 
Th.e:gas. samples wlich .pass through the needle 
v.a!ve orifice enter a conv.entional ionizing head:.39 
arragCd within the upper end of the tube T. 
vit!n te.head 30, the gas is subjected; as usual, 
t0, e!ectr.on bcmbardment. The ions., forme.al, by 
this :b.0mbardment find no. fleld wih!n, the head 
but as they diffuse in the form of a beam:th.ro_ugh 
a.small sHt,3Sa in the bottom 3b of the:head«, they 
are subjected to an acceleration potential o about 
150,.0 volts, co!limated by slits in othm" plates 31 
apd pr0Jected through the vacuumized tube into 
a neç.k .32. whch is surrounded by a-p_ermanent or 
eect:.oma.gnet 3.. In the ms, gnetic field produ.c_ed. 
by:the-magnet 33, the:ion b_eams emanating fç0mï. 
the. head 30 are. resplved, the ionized partic!es :of 
lghter weight or low mass being divered by.-the 
magneic field to a greater extent_than thos.of 
heav.ier weght or: greater mass. s0 that. the-ions 
Q the di.ffeçent gases of the mixture.undergoing 
a.naysi a'e.separately-apd individually.deposit?d 
on t.h.e.spaced collecter plates indicated at3, 3 
api.3  .a.ft m. passing through restric.ted slits 
E.aC.o.f. th? coHector.plÇtes.is connected in. a Con- 
ve.nt.ional.manner to .the gridof an electrometer 
tube 37. Yne inénsiy oî the ion curTens.falling 
ùPPn..ih cpllecor plates 3, 35 and 6 is measured 
by ga:lv.anometers, !ndicated at , arranged in the. 
o.utput .circuits of a D. C. amplifier 39, the latter- 
being cinnected.i n any conventional manner t 
the.electronic tubes.. 
The eleçtrons in. the ioniing region of. the 
head 38 ma.y .be.obtained from an. electriçally 
heated tungsten filament shown at 0, acceleraed 
açr0ss.the tube through the headand c01!eced by 
a.tr, ap: on the.other side ofthe head, The mage. 

Thus with the apparatus comprising the present 
invention, the three main components of the 
breath are recorded continuously and simultane- 
ously, so that-changes in concentrationof any of 
5 the three caa be determined w.ith respect to the 
others so far as a given rime ,base is concerned. 
Three identical amplifiers are employed with 
 threa collector systems and the output of each 
rec0rded, by means of mirror-type galvanometers 
10 on a common film strip. The great advantage of 
such an instrument in any type of lung disorder 
is. obi_ous, However, I do hot limit the use of my 
 apparatus to such a specific field but reserve the 
right, to. employ the saine in all such fields to 
15 which it is adapted and of advantage. 
I claire: 
1.. In. appartus-for: analyzing a mdxtue of. 
g:ases; a: mass.spectrometer having an ionlzatlon. 
chamber, and a. g_as sample-receiving: chambe; 
2o a. nozzle, extending into said sample-receiving., 
chamber, and ïormed with a. restricted .passage. 
communicating at one end with said ionization 
chamber and terminating at its opposite end inan 
outwardly fiaring funnei-shaped inlet opening_ 
 25 i_nto.said sample-receiving chamber; a valve stem 
arranged in longitudinal alignment with the inlet. 
opening of said nozzle and movable to regulate:the 
rate-of flow of ga s. from said sample-receiving. 
chambe to said ionization chamber;, and means 
3O for-establishing a positive flow of g.as to be ana- 
lyed.through said sample-receving chamber and 
in and , around said nozzle. 
2. In a mass spectrometer; a casing.sr.ucture 
including_a head and an internal ionization cham- 
35 beç; a nozzle extending.rom said head and ïorm- 
ed With .a fine axially and longitudinally disposed, 
gaspassage .terminating at the outer end of said 
nozzle in an enlarged funnel-shaped inlet.opening. 
and communicating.at ifs opposite end with said 
io ionizati0n chamber; a separate casing_ member 
connected, with. said head in coaxial relation to 
said. nozzle, said separate casing member being. 
f0rmed with an internal sample-receiving chamï 
ber into which the nozzle of said head pojects; 
45 a threaded member carried by sa.id separate cas- 
i!g. member; a longitudinally ex.tending: needle 
valve, joined with said threaded member, said. 
valve being movable, axia!ly of the fine.passage.of. 
said., nozzie, upon adjustment of- said threaded. 
50 member to control the flow.of gas from,the sam 
pe-recei_ving chamber of. said. separate..casing. 
m_ ember through the fine passage of said,nozzle 
and into the ionization chamber of said spectrom.-. 
eter;.and.means for effecting a forced passage. 
55 of gas fo be tested by,the spectrometer thr.ough 
sai.d samp!e:receiving chamber in a.direction.so 
that a.porton of the total quantity of the gas 
troduced into said sample-receiving chamber may 
be directed through the inlet opening of sad.n0z- 
60 zle-and into sald ionization chamber. 
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n,e..tii..fiÇ1 d i n the .neck 2 is. Pref.er_ably lrodu.ced. 
by  p.ermanent  mg.ne.t with 4000. gauss_, fiel_ d 
s.t:e_ngth: The.ionscp!leced aTedsçhsrg.e.d :by the. 
el.¢,c.tro cu'rent th:0g..h hgh volume:reistgnce.. 
p0.vided:in .the amplifier 
Th..e. mo_ yale:.elemeçs, oï:thç galvanomeers.. 
al'ç.pro.:vidd w.ih :light r.efiectors so dsppsed tha: 79 
ligh.t, bansds.charged rom.t.h.q lig.h s0U'C_e.2: 
iççi.den:t-uP0n the ligh reflectors o$ the .ga!Fa- 
nometers« are diverted.and .directed upon-amo. 
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